With the measurement of positron flux published recently by AMS-02 collaboration, we show how the leptophilic dark matter fits the observation. We obtain the percentages of different products of dark matter annihilation that can best describe the flux of high energy positrons observed by AMS. We show that dark matter annihilates predominantly into τ τ pair, while both ee and µµ final states should be less than 20%. When gauge boson final states are included, the best branching ratio of needed τ τ mode reduces.
I. INTRODUCTION
The existence of dark matter has been firmly supported by many astrophysical and cosmological observations. However, we have very little knowledge about what dark matter is made of and how it interacts with particles in the Standard Model. Currently, there are many experiments searching for dark matter. The so-called indirect search looks for the products of dark matter annihilation in our Universe. It drew lots of attention recently since both PAMELA [1] and AMS-02 [2, 3] experiments observed an anomaly in cosmic-ray positron fraction measurement. An excess of positron in the energy region E 10 GeV can not be explained by the known sources. It indicates that there exists a source of primary positrons nearby. One possibility for the origin of these high energy positrons is dark matter [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] .
Furthermore, the flux of positron observed by PAMELA shows that the energy spectrum of positron is harder than background expectation [14, 15] for energy of positron larger than about 30 GeV. This behavior is confirmed by the latest AMS-02 result [16] . In addition to cosmic-ray positron data, the antiproton data observed by PAMELA [17] shows that the antiproton flux is consistent with the background, which suggests that the cosmic-ray antiprotons are mainly secondary. Combining cosmic-ray positron and antiproton data, a leptophilic dark matter candidate that annihilates predominately into leptons is attractive since it produces large amount of energetic positrons while the antiproton flux is suppressed.
There are several leptophilic dark matter candidates have been studied in the literature [18] [19] [20] [21] [22] . In this paper, we focus on the leptophilic dark matter scenario in which charged leptons are predominantly produced when dark matter annihilates. With the precision measurements of positron flux by AMS-02 [16] , we vary the fraction of individual charged lepton mode (e + e − , µ + µ − , τ + τ − ) and find the best fit for the shape of spectrum. A proper total annihilation cross section is chosen to reach the minimum χ 2 . For comparison, we also consider the case that the leptophilic dark matter annihilates into massive gauge bosons
The rest of paper is organized as follows. In section II, we briefly review the propagation of positron and antiproton, and present the relative parameters in our numerical study. The section III is the numerical results showing our fitting with latest AMS-02 result. Finally, we conclude in section IV.
II. COSMIC-RAY POSITRON AND ANTIPROTON PROPAGATION
After being produced in the processes of dark matter annihilation, the stable particles will propagate in the magnetic field of the Milky Way. For positrons, the energy spectrum can be obtained by solving the flowing diffusion equation when one consider only the dominant contributions from spatial diffusion and energy lost [23] ,
where f e + is the number density of e + per unit kinetic energy, K(E, r) is the diffusion coefficient, b(E, r) is the rate of energy loss and Q(E, r) is the source of e + . Here the primary positrons are produced in dark matter annihilation,
where ρ( r) is the dark matter profile in the Milky Way, m DM is the mass of dark matter,
(dN e + /dE) i is the energy spectrum of e + from dark matter annihilation into any possible final state i that generates electrons, with annihilation cross section σv i . In our study,
The flux of e + originated from dark matter is then given by
where c is the speed of light and r ⊙ ∼ 8.5 kpc is the distance from the Milky Way center to the Sun. We use micrOMEGAs 4 [24] with its default settings to calculate the propagation of positrons that originate from dark matter annihilation. The Zhao dark matter profile [31] is used.
In addition to e + flux from dark matter decay, there exists a secondary e + flux from interactions between cosmic rays and nuclei in the interstellar medium. The secondary positron Φ sec e + can be well approximated as [25, 26] Φ sec e + (E) = 4.5E
where E is in unit of GeV.
The propagation of antiprotons, neglecting the energy lost, can be described as
where fp(T, r) is the number density of antiproton per unit energy, T is the kinetic energy of antiproton, K p is the diffusion parameter and V c is related to the convective wind that tends to push antiprotons away from the Galactic plane and is assumed to be a constant.
The third term on the left-hand side of Eq. (3) 
However, when the effects of solar modulation, which are important for the low energy antiprotons, are taken into account, the flux of antiproton obtained at the Earth will be given as [28, 29] dΦ
where 
where t is the kinetic energy ofp. Note that all the propagation parameters are chosen as the default settings in micrOMEGAs. significantly for different lepton modes. The ee mode, as originating directly from dark matter annihilation, yields the hardest cosmic-ray positron. The flux peaks at energy around the mass of dark matter and drops quickly. The µµ mode peaks at energy that is close to half of dark matter mass, while the τ τ mode reaches the top at energy even lower.
III. DARK MATTER AND AMS-02 POSITRON FLUX
To explain the AMS-02 positron flux with leptophilic dark matter, we adopt a minimal χ 2 -fit to obtain the best values of the total annihilation cross section as well as the ratios of the leptonic modes from dark matter annihilation for a chosen dark matter mass; see candidate to be larger than 500 GeV in order to explain the arising feature of positron energy spectrum. In Fig. 2(b) , the χ 2 -fit shows that the ee-mode should be less than 20% for a large range of dark matter mass. The µµ mode is also disfavored as the dark matter mass increases; see the blue curve. The τ τ mode tends to be dominant for a heavy dark matter candidate. Our fit shows that the three leptonic modes are more or less democratic for a light dark matter around 500 GeV. However, the fraction of individual mode is changed as m DM is larger than about 600 GeV.
While the τ τ mode is still dominant, but it does not exceed 80%. The W W mode plays a significant role for a heavier dark matter and reaches about 10% when m DM 1.4 TeV.
We notice that the ZZ mode is not important in the fitting. In Fig. 4 we study, the overall best χ 2 is obtained when m DM = 600 GeV for both pure lepton case and the situation that the W W and ZZ modes are considered. However, the W W final state not only generates positrons, but also produces antiprotons that have been measured to be consistent with the background that mainly contains secondary antiprotons [17, [32] [33] [34] [35] [36] . We show in Fig. 5 the flux of antiproton predicted by the dark matter annihilation into the W W final state, with the latest PAMELA observation [17] . Antiproton flux from dark matter annihilation agrees with observation quite well for 600 GeV and 800 GeV dark matter.
IV. DISCUSSION AND CONCLUSIONS
The AMS-02 collaboration recently published the results of cosmic-ray positrons. The measurement of positron flux for the energy up to 500 GeV, with good energy resolution and small uncertainty, allows us to gain more information about dark matter, if we assume dark matter is responsible to the disagreement between data and the known background. In this paper, we study how the leptophilic dark matter can provide explanation of the AMS-02 positron flux data. Our results show that the leptophilic dark matter prefers to annihilate into τ τ final state. Both the ee and µµ modes should be less than 20%, and the τ τ mode always dominants. The percentage of the τ τ mode could reach almost 100% for the dark matter heavier than about 1. Finally, we are aware that there is a tension between the τ τ final state and cosmic γ-ray data [37, 38] . However, as we have shown that adding the W W mode in the leptophilic dark matter annihilation reduces the needed fraction of the τ τ mode for the best fit. Furthermore, although the result is not shown, we realize that the τ τ contribution can be further reduced when quark final states are included. Surely, with contributions of the W W and quark modes, additional antiproton flux will be produced. Therefore, the future antiproton results from AMS-02 are highly expected to tell us more properties of dark matter.
